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(57) Abstract: 

PURPOSE: A nitride semiconductor device with a multi quantum well 
structure is provided to reduce the stress between a quantum well 
layer and a barrier layer and control the thickness and number of the 
barrier layer by easily controlling energy band gap and composition 
of an active layer. CONSTITUTION: N quantum well layers have a 
composition of InxAlyGal -x-yN, and more than (N+1) barrier layers 
have a composition of InxAlyGal -x-yN(x,y and x,y are not smaller 
than 0 and not greater than 1 , and x+y and x+y are not greater than 
1). The active layer is composed of the quantum well layers and the 
barrier layers. The barrier layer includes at least two sub barrier 
layers that differ in the constitution ratio of a composition material. 

The respective barrier layers are gradually and symmetrically disposed according to band gap energy with respect to the 
quantum well layer. 
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JOL<t 

£ tt-S-gr 4# «ll f2:# 4fe M# a J-H*11 £4<1 SJiS, «-*j#4 4tS) #!flH#(clad layer)* 
Sf-SH T^SM, -8-71 »-y #°] 4-f 1 <8*H- e(multi quantum well, MQW) ftfe 3)S)-€ «KE«1| i4°1 a 

°H, 47l f"9#o|, In x Al y Ga iJ. x . y N s\ a^* ?fe 4t1°J n 7l|fi1 #4+ «-*(quantum well layer); 8 I 
n x . Al y . Ga !_„,_,,. N«]i^ n+ l 7fl o|^a) #«» ^(barrier layer);* S.t4°l °l*°l*|5), *7l 

-£-, 2-2 # S3 -a^Bl** f«t = 7l| Ol-S-S) AJU Bfleloff.i- afl-^Oj, -$ 7 | °<M-T-t-## 7] £.2.3, A>7] Z}- 

43 Ala. nflEH^o) 1^3 «im^H 44 «3 «£ splslE^ <8*j« ^SLS. m. («, x, y S x 1 , y'-a- 

44 0^4 a?) 4 42 i a.4 4714 £.2.4 x+y 4x'+y'£ 44 l J2.4 4t14 S4.) 



£3 

yiolo] 

«4#, SEH>a oflM^l, 34-84\ #4**, *JW 
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S. 1 £ *8flfil sjEflS ¥2 243 «H>-1 

£2S *J«3 ?2 SSH§- * 4* lWf| Ti 2 » £fe #s.q 243 'JHa) 

£34 1 ■a^Ai^oj sitt asm- ^t^ii i^s) tt^^a) ^ ^2 ^ «as^ -s^s.. 

s. 4 *^oi m 4# w^t ¥5t ssn- -asm ■a-s^H 

s. 5 *j 24 ^#^3 shjmi °n 1-1*14 34*4=3-3 ft^i 3JiiH. 

* 5.^3 Jfftofl tflti Jfssl ^ 
310 : 71^320 : uHf- 

330 : n *8 XI 1 44 MH* 340 : n*8 A 2 ^ 
350 : *^f- 360 : p*8 XI 1 «SflH* 
370 : p$ 4 2^M4^ 



#■33 3-3 



* tt"S* 4? #(multi quantum well, MQW) ^2* »fe l&EXI 24°)1 4« Si.S.3., 3* #X|4 

°(M-f #*(quantum well layer) 1 ?! 233 t|4=3 In x Al y Ga ,. x - y N §"=11 tfl*H ^ *r«-r °1#3 In x . 
Al y . Ga ,. x .. y . N ^fKbarrier layer)* °.3.*q *7l <S* r -f#§'3 2£s||2( s tress)f- S°lul 

£<4 a** *7>A)7l7l flft 4§ W-?-!- -?2# ^SH- <V.£*I1 24°H M7M, x, y 3 x', 

y'-fi- ^4 0 fi.4 H714 1 S-4 31-71 4 2.2.4 x+y 3 x'+ y'-fr 43 1 H-4 *M4 23.) 

24# BKESflfe, ^(Nitrogen, N)# £t*Kr 4«-§- ¥23 "J-f J f-=r*H, 2f->=12(GaAs 

) *3 i}V£*1|St7 ^ Sfe 3. if Srfe fKSEW* 24 « 11*3 ti*} i4 *°11 ^ 

-»7) b}£*H7K 4«"l-3 xjSSfe 'B-¥-nl*(olSr Al'°14 2#(°lSr 'Ga'4 f"), °J-§(°l*r 'In'°14 «0 

■f *7l#a -S-21 in 2j fli*o) ^ a 4-g-s) a x( 5.^, In x Al y Ga i_ x _ y NP&, 0< x< 1, 0< yS 1, x+y s 1)2) 
^Efl£ ?<B=U, ^-*1, InGaN S.S. «l^-o|?! °<f A|-^l-g.«| Sfe. 0 cM-M- Sfe ^ "* 

4-f # <>1* ^Isja ¥2(double hetero structure)* £fe4fe «e) '&^?! 4"S°l c r. 

BVH^l 27.14 ^sflsj 7]#* ?i=f*] -S^a^ 4*^f £4. 

£ 1 * #2fls| o]^ *|El|s. ^2 ^Sr# i4«) ft«E<-14. 

£ 1 <H1 £Al^ 44 2°1. ^eflsq o]f. flms. 5{-fe i7Kl00)^, a>4o]o1, SiC, Si, ZnO, Ga 

As 9i 23] ^(spinel) f-S1 7||SS. 71^(110) Al y Ga N S-S. o\^o\Q Hf^*(120), GaN SL 

5»lf13 4|l *!-¥■ €2«H*(clad layer, 130), n*8 Al y Ga ,. y N °-3. "W>]& ^2 4^- #^#(140), In x 
Ga ,_ x N °1^-°1^! #^#(150), p^ Al y Ga ,_ y N o.S ol-M^l ^ 1 #5||H#(160) $ p*8 GaN °.S 
01=0]^ x|| 2 #2]| = f.(170)o1 5.S °.S«i ^«4. 

°17H, 0<xSl, 0<yS 1 0)4 oil- x, y 4*3 ifflS.^ (band gap) a.3j4°1 -8^*4. 

5r, -*7i xii 1 44 MHfKiso) a 2 #5«H#(i70)S) <n=^ »im7.i7> -3-7] *n 2 44 «jdh#(i40) a 

XI 1 -S-4 -S-sflE*(160)s1 «im 71^4 4£4 x, y an -i^€4. 
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%-A*\ sMS- 4tt 34* >JhE4 £4(100)°fl4fc. #7) l-^#(l50)o] £42] #4 44 
* «*S)fe ^HS. €• <8$* d 1*1t1I sins, #i« .2.3. #4#s) 4°1.2.s* DV#7l 2)*M 

^ *#-£3 in m stmaw, x a* hti «) «A7V sa^. 

=Li]^. In x Ga h N 2-3. °]^-o)£ (loO)-°r, £7.)4 44 Al y Ga j. y N °.S **(1 

40, 160) 4°H aj^s)^ oH, In „Ga !- x N4Al y Ga H N 4°H a^flsHr 3 4#°iKlattice constant)^ 
4°lS 9j*l)(£ 5 #20, #7l *^*(150)2l In 2) -Stf-M^fe *H <M4 &4fe #*H3°1 

^, #4 #Aj*4 4°l2l €■ 344^2] ^71 <J4+ **■>« iHiilli* 7}*} 7)1 Slfetfl, ;g4# BV£ 

312) ^+ 44-f#*°Q e iSifli7l- 714WS ^^(piezoelectric fields "M^** <fl 444 3 

^s) £i§) *i4o) °Jo)4 ?H<5lu. 3 S'a ■2.i») i a(wavefunctionoverlap)°) 4£4- 0 -S'*i 442l*°1 D^lTl] €4. 

444 #7) t-a-f (150) °1S)S1 7)#2| 18 = 3 -frx|*^Al 47) In x Ga ,. x N 2) 2^(ffl*)* 

4fe «-^*(150)4sl 34#«r *M4 44*l£4 2^5* ^ Xlfe 44°1 S14. 

£ 2 f'sfls) «M jg. 72 ££3)1 * 4^ 44-f* 4-fe 9r£*H £42] U°M 4^:s 
£-4 4-M 44fl, 47I 51 1 S] «-y#(150)°l InGaN <L3. °l-?-°)4 4<rVflS) 44-f *f-4 #3** £44°) 7 
^ £42) Mtol^. 

£21 £44 44 44 4* 44+* t 1 ^ St? *4* 4E*l) £4(200)-=, 44°H t^I Ass, f 

#« 7)4(210) 4H. Al y Ga , N Si tJ)B)#(220). n« GaN 2) *J 1 *V>f «iflE.*(230) S nfl Al y Ga j N 
3 * 2 4+ #BjH*(240)ol ^SU, n «H i n x G a N 2) In x . Ga t . x . N S] ^f»£ °1 

+°)4 *^*(250), Al y Ga !_ y N Si ^ 1 ^4 «28H*(260) S GaN ^^12 #2)1^^(270)01 * 

4^o.s ja=g-^ fl-^^4. 

o)7H, o< x s i, o< x 's 1, 0<y< l °H, ol» x, x' 5! y si ^-fr 4 fra) t5H?J °))H^)# asjsH -S^S4. 

0 H, ^71 #^f-(250)«l ^ •¥-, #71 In x Ga ,. x N <L3. °\^°]$. °M- ! i ! -«-#s) m = ^ ^\A^7\ In x . Ga N 
o. a ol^o)xi ^^#a] ^H = ^ oJMt;) a4 4t)| «^e)^. a Jf-*I4 «437)iL4(quantum size effect)* 

:na)tH ^fl^XI €4. 

nel4, in „ Ga N si <^4-f ##4 In x . Ga ,. x . N s) ^-^* 4o]s) HI— «H*1S1 4°l* S<») ^7) ^«fl 
^fe z)4^ 4<sl7l- ^o}^ "r^Hl a°l(E 5 #£), -^^ a) g^. 44.0II oVolalcldBD ; Inversion boundary do 
main)4 ^«*»1 ^1 37)1 ^SW?!^, -*7| 44^) "W-f** 4°1«) ^f'S) 

^7} l 7«s 41 «« «.a 9J4°1 ^olxl^*si ^-Tfl^oi 5US34. 

44^1, #71 t4^*t4 4ola| 34-!H^ 4o]» ^oh, o^e], ^#*# Si^, «i 



ft^nl "PMixl- 4fe 7lfr*! 4^11 

■& #7l S41^ *HS47l fl4°1 ^J-°-S, 4* W-f* ?at «fe i4i Si^^H, 

*4j#2) HSHfl «11 M t<]4 2.^-S- -8- 0 l*Ml 1: t= *W °J ; 4^#f'4 4 0 ls) *s^lif 4^ 

Al^g-fr 5*. #7i #«f-s) 3f.*i4 711^* £1 4%-4H4 «-o.s*H, *^^*4 #4^ ^41- 

£4* 4l**rfei?l ^ jS4. 



Vl 'Ssi -v-j ?! 4* 

#71 =-21* ^«}7] m ^ ftAj^.4 tK=s) ^SUHf-Cclad layer)* i44°1 ^^H, #7) »*j*°l 

4* 44-f *(multi quantum well, MQW) ^2* 4fe 14# 4i4°fl Si 0 !^, #7) tt^f-o], In x Al y Ga 

N si 2Aj£ 4^, 4^7fl°l n 7ls) ^4-f «-#(quantum well layer); S In x . Al y . Ga !- x ._ y . N 21 s^i. ^ 
-b, n+ 1 7(| olAJ-s) 4ttj#(barrier layer);* a«-*V°l °1^-<H4^. #7l #«j#*, ^^s) ^^.ul** ^b]*}^ 

t 7)1 °l#s) T^a Bflejo)^ af-4°), #71 <94+*** 7l§o.s., #7) 442) *\a a))e)o)-f>o) ijbh^ nmxH 
n)e)^2l°S »11*15)£4 f ^* ft4- <A, x,yS x', y'-g- 44 0 iL4 37)4 4^ 1 &4 #7) 

4 4 5-^ , x+ y 4 x'+ y'-gr 44 1 a.4 47) 4 £4.) 



-3- 



SJWmm 10-2004-0047132 



E4, 0 ]nJ, 44 M-E-§-4, In x , Al y , Ga !_ x ._ y . N 4 24* 44, 4 »(layer)4 444t°« 444fe 44 
-8"rl- 4£4 -ye-Hl-frol 3)-§. ^^»J ^ 44. (4, x'S y^OJicI 32 l S-4 4-°4, x'+y'-fr 1 

s4 44.) 

4* n E)1S 72* 5fe 44# 4£*H £4fe 44*4 72°H 44 3.711 44-fw 72* 4tt 244 4^ 
44-f £ 42# 4tt MS 444 <r e=d°1|^, 4^*4 4^ 44-f# 42» Sfe 44# 4£31 i4 

si °J4444. 

*^#4 4* 444-4 ?£§ ?fe 444 4£3| 24^, 44 ifl^ <£4~f#*4 44# 44i4 
474 44s °]4 44«4 4^44 a«l 4# 443l*4 424 7 \% J3.fi 5-43. ^7|s)a 4*4 4 
4*4. 

44*1, 4 44°14Tr 44 «fl:g* 444, In X A1 y Ga ,- x _ y N4 24* 4fe 4474*4 44 *1 4 
4*4 In y Al y . Ga N 4 2^* 4£4 4-2-3.4. 44 447#f-4 444 444 4H 7 ,J4 37 fl 

4s) 44474 *V°l^r 444£4 4SS.°4, 4»8 44 44»4 n ^s-b)^4- tal*}^ 7 7fl 444 4« 

S11444-.2-3 744£4 4a, 24, 44 Wif* 4^.2-3 44 »H44*4 = ^ °11444 HH'4/3 

44 sls. «144£4 f 44524. 

asla, 4*4, 4« 724 44 4474 72°1| 44 44 *Ms 72» 4^ «44 4£4 

244 °-3. -8-7] 4^4 #5fls#s] 244 ^oi°)l 444& 4447 44 44 4*11 1H4fe *sll4 & 

434* S11444 444, 44 filsf 4, In 444 344 In „, Al y , Ga N 4 2^* ££4 fs^4. 

43 tin, In „ Al „ Ga \- B - g N 4 p, q *H 44 4 44 "JE.^ 444* 4444 4= Sl.S.E.3, 44* 44 ^ 

#s)fe s.e §-#si lEH^ »11M^1« 444^11 4= $a<H, 4*si ^44^^ ?J^47ll -^14^ "1^4 i 
t|^14# al4^14, £fe 4 *s| uflc.7,1 aim^ife sii ^7p^nv# 2^4fe 5J°1 4t4^1 s)a, 44 

•H. -84^ ^ssi hEh^ "DM 4 2l44'r# 44 t%£4# «r 4534. 

^^,^-^« S 4^* s.^4 *Stt 4-i-si -*4|fi -a^-g- a.4$^«il € S»14. °14, « 
E'S* * tt-Si 4& 4*a|ft «-a44* -5M4 -S1fi4. £S S «41^ * B J"Sal <44« « 

* 7l 44°1 °H1 t!-^si7l4 °ls. «l«ll >a^^fe S-S- 4^4. 

S. 3 ifl*l E 4 # ttlsl «J-aAlo|lo)| sqsv ig-iassq. ^-71 &£4| i44 4-^f>sl 

s\ =l4*^ 44ifl»4. 

44, £3 4 ^ *^«1 °J*M1°H si «: ttS*ll i44 t^f^Hsl 'S^^ >Hli-14sl -a^£°l4. 

£ 3 i E*l4 44 *°l, ^-^4 •a-S^Hi 44 S4# 4£*ll ^4(300)^, 44°l<H ^4 4S.S. 4 

4(310) 4°1, In a Al b Ga !_ a _ b N 4 »14#(320), nf In . Al y , Ga i- x ._ y . N 4 ^ 1 4-¥- #«1|H#(330) S n 
^ In x . Al y . Ga N 4 A 2 4^ #Sfl:E.§'(340)°l ^lfJ|a, =L 4°H #^#(350), In x , Al y , Ga t . x : y . 

N 4 ^1 1 W «5flS^(360) S pf In x , Al y . Ga N 4 *H 2 4^ #^ = #(370)4 $4^1 -°3- ^4?^-S. 

4 ^^J44. 

°144 44 *^*(350)-g-, 4^711 si n 7114 °<f4-M-#4 4 m 7„4 4^ a444 ^=1-=^1(4, n> 2, m> 

n+ 1), =L 72^, £31 £44 44 44, °J44 44^-#*(353)<>l # 444 44*([35l,352] ; [354,3551)4 

44 OH 4 "J, 44 444 44#4, 44, 4s. 45-2^* ?Kr 444 4 «. ill44#(35l, 352, 3 

54, 355)* £44t 72:44. 

441, 44 444 4^*4 =4fe -8-iE#(A) 44°J4 44444, a in x . Al y . Ga N (4, 
0<x'< 1, os y 'si)44, £44 Eg 4 4* « : 5l44a 4^8 ^14 "Jh^j 7f444, £4, 444 4444 1 

444 a! Til 4£4 x', y'4 244 4* 43 44. 

^£3 1 £44 44 44, 44 444 4-H. «1I44#(351, 352, 354, 355)4 7}^4iflCvalence band) i44 
<^§(Ev)4 4£tll (conduction band) °H44 =rS(Ec)4, 44 44^-#4(353)4 4g<L3. ^^m^d\ n\£ 
=. 2A^4 UI440.S4, 44 Ev 4 Ec 4 4°l| 441 ^sfe "A^® »1144(Eg)7} ^m^^o] si ^ =j£ 
4 4534. 

44 44, ^8114 4^ 44^-S- 72* 4-& 4£^l i4°ll 5i44. 44 44 J M-# S 44#4 2^# i„ 
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x Al y Ga j_,._ y N 4 In x . Al y . Ga !_ x ._ y , N .2.3. $JL O. 2^0. £.4 #7) ^ % A>o]s| o| 

una) 4i 4-s z^HHM 4» -841 3 o.s ?hfc.".l«o.4, a«, oim ^-71 ^*oj, °M-f**(353)# 4 

$r<L3, n. ifflHfl o.S 3-flJa.43.2-S* tfel4fe, * o)^ *\* «|| 3)01,^(351. 352| 3 

54, 355)°- S ^s].£4 f«S 4 #^##4 Jt«WE4 484. 

44, £ 4 £ 34 4* 44+* ?2# Sfe 4£4| £43 H-S^H ^£5*1, #7) £33 

£4* sji^ll SJ<H-H #BflH#o] i n x , Al y , Ga N(4, 0<x'<l, 0<y'<l, x'+y' <1)3 2^.§. In 

44 34 43 5-5. 44. 

£ 4 i £44 44 £4, #7] ©EflHH In ol S7H«£*1 <fl-<gsHr *!4£ ££31 ^43 43 S 4=8 «4| tfl 

*H4fe, 4=1)3 E 5 6\]A] -£S| Ji.713. 44. 

-8-71 £ 3 UJ4 SI 4 i £44, -g- ttli 21* 4* 44-T-* -?2f- ftfe- 3Jj.£ #£4 i^H xl-H-M, x, y f-3 

St* 4 #3 'ffls^ °in*i« jib^m -a=8€4. 

^11- »4 =1 1 44 #=fl£t(330, 430) S -87| *l) 2 -84 #5flH#(370, 470)3 >ffl£3 °im37} 4 2 44 #2fl 
£#(340, 440) a ^ 1 -84 #sf|£#(360, 460)21 ifflH^ 4 u-| *) fie} 4^4 Xi y -g^^j-cj-. 

£«, 4*4 »14 Sol, n-1 <a*l3 4441-#4 n "WIS] 444## 4°H 3*14-& 43*3 4 j± sflEMf-g,, 

-*7l 4441#4 7l§o.s n »aH.^ °HM^17> ^^3)/tB^alo) s)4 JjMI* 2=S*14 issll^*- al cfl 4.2.3 # 
ol fe 444 474#°1 *H4« ■¥ Xi£4 x, y #4 -8=844- 

°17H, 47l «-8*(350, 450Hfe 443 #£§-o) «4« ^ afeHl, o] 7j °- 4££iLfe 4?i(Zn) f-°l 4-8-* -r 
X14. 

3=-4, 44 *| 1 44 #e||£#(330, 430) ?! 4 2 8}-?- #sfl£#(340, 440H «7> 7>^4 t-^f-s^r ffiCSi) 
*<>1 Si ° n), ^ 1 -8--¥- #i!l|£f'(360, 460) 3 * 2 #^^#(370, 470)°Htt p« *##S.«| 4^<fl#(Mg) * 

»1 «7V* 5d4. 

nWq-o.s, £ 5 fe * Wi B JE^ i4 ^#^31 »jh^ <m^|4 ^4^4*1 4^1 ^811 = 

ol4. 

QHqil 58-fal *<H -aisl-4^, E 1 Ml*l £.2«l 44 4-&*«fl2l 4%% ^s.^ i4°)l sa<H-M, In 
GaN 21 ?, v fe *^#ol ^ d oil fl*l«Kil, AlGaN 2) 2^8* »fe «-zflH#o] ^ e oJ| 3 *1 i^-jr ^ "J. >87l 

4 d 4 % e 4 a Hr 0.1 A oi-8-si ^4-8-^21 40] 7> X14. 

*WL>, -871 E 4 °H EA1€. -& u J"S2l -§Alo|o|| ^s(| -87) In 4 «7}fo^ a 2^4 1 

n AlGaN S.S. H ^-f , -87l ^ e » ^ c £ #^ =r il°l, ^1 4^8 #421 34^21 *H# 0.05 A =8ES. 4i 

^■i« -r sa>n «4. 

°im^2l «*«oi ^4-8^ 40II- f"H ^ XI °1, "M-f**^ iSid^f ^i^l« XItII 

sis, 444, 34* ^£41 i42l S°J ^ sa7fl slfe «°14. 

ol^i-H tt'S* ^4?V-a- ! -li 91 E^l 2)s|| ^51-&?J 0 1 °Wa, * «'S2i 7)4^ A}A8^ ^014^] 

S^fe «fl Tfl^Ai ol ft| 7}7.1 *lfi, «^ ?! ■S^o) 7}^44fe %°] ^ *^°1 7l£-g-°H)Al #-821 ^1*1* 7}^1 

4i?fl m ^»^« soi 4. 



';!l'5|:' ! l £4 

W €- 4^ 44+# ^2* Sfe S4# *£sfl ^4-HI «°14, 2^21 f-sfl tAj^si °J4 
■f ##4 4°H 4 a lfe -°-^l«Vsq q^'ra) 4*l-b 44^1711 42, 54, 27fl o|>8 4^21 

4 a. »ll5l <: Hf' 0 l tfl^«i/^4^ o-s. ^Ajs] E s. f-o.s.wi, -87] <g=4*-i-#i ^sai2» 4^4«4 °>*sl 
*7M4 fl^, <r Sfe i47> SI4. 



(57) -8-r2l '?!*! 
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3?* 1. 

4t«1 #JflE#(clad layer)* ^f-gsH, #7] f -£f">l t& ^V-f #(multi quantum well, MQ 

w> ?a# sfe a as 5U°w. 

In , Al y Ga i_ x _ y N a) St, JW?!?! n 7l|e] °^r-f *#(quantum well layer); S 

In x . Al y . Ga !_ x ._ y , N s\ S-S* Sfe n+ 1 7j ^Bj#(barrier layer);* £**H °1^<H^S|, 

•*7l 

^ftul-fr* «3lSRr = A <>]#<>] Al a. «l|eH*£ i^*H, -*7l °M-f 7l5°.S, #71 4^2] 
^ a al|;!H*.o| 4er H-S. »I1*)3E4 ^« 3i* ^ 4* W-f* ^ 

2S £fe ^Sr# ttHSfl i7.>. x, y S x', y'-g: 44 0 iU} 3^42 1 £-4 ^7)4 g o.^, x+ y «(■ x'+ y'£ 

«MM-24.) 

S^H" 2. 

*0 1 



In x . Al y . Ga . N 3 2Aj.fi. £s|, -f(layer)2| ^^=r(lattice constant)"!! tfl-g-Sffc- 3*r-iH^ £ 

JE^. ^»Bl-§-oi a^jg 34 sfe ^ W4-f *Sr# tt£*1| £4. (3, x 1 3 y 1 «■ 0 

HjI 1 H.4 4^°1, x'+y'g- 1 a.4 44.) 



100 



'"CifEl 



pg GaN 



All i »a«=S 

pg Al t Ga l -»N(0<ySl) 



lnA3ai.,N[Q<x<1) 



SI 2 5l¥ S2HES 
ng AI,Gai-iM(0<yal) 



ng GaN 
Bflfl 

Al y Gai. y M(0<y<1) 
PIS 
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i<&2 

200 



Si 2 S¥ #E1I^# 
pg GaN 



«l 1 

pa ai 



ln»Qai-J<l(0<xS1) 
ln»Gai-,'N(0<x , <1) 



(0<y<1) 



M 2 tfi? #aH^# 
ng Al u Gai-»N(Q<v<:) ) 
HI 1 SeHHS 
ng GaN 

Al l Gai- s N(0<y^1) 



3IB 




355 ( 
354 % 
353 , 
352 , 
351 , 



£ ■a 3 
300 

z. 



pg IMI/Ga:-,-./W<x'<1, 0<y"<1) 

SI I tf¥ 
pg ln^ai-»--/N(0</<1. 0</<l) 
In^'Aly'Gai-j'-yW (barrier I) 
ln,'AI»Gai- X '-»N (barrier II) 

Mlfoi-nN (QW) 
ln«'AI»Gai- X '-yN (barrier II) 
ln x -AI/Gai-j('-/N (barrier I) 

ng ln^l/3ai-»--^(0<x"<1, 0<y"<1) 

m i m ms§ 

ng ln,-AlyGa l -,-- y -N(0<x-<1,0<y , <l) 

m% 

ln 8 Al b Gai- a .bN(0<a<1. 0<b<1) 
319 
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400 



n 2 a? gang 

pi ln > -Al y .Ga 1 , v N(0<x , <1, 0</<1) 

n 1 a? ms§ 

pg lnA-Gaiv-,'N(Q<x"<1, 0</<1) 

as 8w?sa 

!n ) AI,Ga l ^- l ,N(0<x<1, 0<y<l) 
Iry/^Ga^vNdKxXl. 0<y'<1) 
fll 2 iff I2J£i 
nS InA-GaiWtftKxXl 0</<l) 

n% In^Ga^-NtO^O, 0<y<1) 
tHuli 

ln a AI„Ga,- 1 . t N(0<a51. 0<bsi) 
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